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Langerhans cells represent a subpopulation of mam-
malian epidermal cells. The recent findings that these 
cells are the only epidermal cells which express Fc-IgG 
receptors, C3 receptors and Ia antigens support the early 
suggestion that they are related to cells from the mono-
cyte-macrophage-histiocyte series. In this report, evi-
dence is presented that epidermal Langerhans cell can 
replace !a-bearing macrophages in their capacity to in-
duce antigen-specific and allogeneic T cell activation. 
The possible clinical implications of these findings are 
discussed with regard to the role of Langer hans cells as 
sensitizing factors in contact hypersensitivity and skin 
graft rejection. 
Since their discovery more than a century ago [1], specula-
tions about the functional role of Langerhans cells (LC) have 
intrigued investigators interested in the biology of skin (rev. in 
reference 2). Currently, 2 major theories are favored. One 
postulates that LC regula te epidermal cell proliferation and 
differentia tion [3]; the other proposes that LC are related to 
cells from the macrophage-monocyte-histiocyte series and, 
thus, participate in immune reactions involving the epidermis. 
The latter concept was strongly supported by the recent find-
ings that in all species so far investigated (man, guinea pig, 
mouse) LC are the only epidermal cells that bear Fc-lgG 
receptors, C3 receptors and express Ia antigens [ 4-9]. In addi-
tion, LC lack m embrane-incorporated surface immunoglobulins 
and E receptors, which makes it highly unlikely that they are 
of either B or T cell lineage [ 4]. In this report, evidence will be 
presented that LC and macrophages do not only share common 
surface marker characteristics but do also behave similarly at 
a functional level. It will be demonstrated that in the guinea 
pig LC represent the only cell population known so far which 
can replace !a-bearing macrophages in their capacity to present 
immunologically relevant antigen to the T lymphocyte and that 
this LC-lymphocyte interaction is regulated by genes linked to 
the major histocompatibility complex (MHC) of the species. 
MATERIALS AND METHODS 
Animals 
Inbred strain 2 and strain 13 guinea pigs were obtained from the 
Division of Resear ch Services, National Institu tes of Health , Bethesda, 
MD. 
Antisera 
The major histocompatibility complex (MHC) of stra in 2 and strain 
13 guinea pigs differs only in the I region [10]. A strain 13 ant i-strain 2 
(anti-Ia.2,4) serum and a strain 2 a1~ ti-strain 13 (anti-Ia, 1,3,7) serum 
were prepared by cross- immunization of the 2 inbred strains as previ-
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ously described [11). Antisera against the B.1 ant igen of the guinea pig 
MHC, the homologue of the mouse H-2K or H-2D ant igens [12] which 
is shar ed by both inbred strains [10] were raised as described elsewhere 
[10). 
!gO-Antibody-Coated Bovine R ed Blood Cells (EA- IgG) 
These were prepared according to standard procedures [13]. 
Preparation of Cell Susp ensions 
a. P eritoneal exudate cells and lymph node lymphocytes were iso-
lated as previously described [14). 
b. Preparation of LC-e.nriched and LC-depleted epidermal cells. 
Single cell suspensions of guinea pig epidermis were ·prepared by a 
standru·d trypsinization procedme [15). After 3 washes in t issue culture 
medium (TC) 199 supplemented with 20% heat-inactivated fetal calf 
serum (FCS, GIBCO, Grand Island, N.Y.) and gentamycin (50 1-Lg/ ml, 
Schering, Kenilworth, N .J .), the cells were resuspended to a concentra-
tion -of 4 X 106 / ml in supplemented T C 199 and 5 ml of the cell 
suspension were layered onto 3 ml of Ficoll-Hypaque (Lymphocyte 
sepru·ation medium, Bionetics Laboratory Products, Kensington, MD .) 
and centrifuged for 30 min at 400 xg at room temperature. The 
resulting pellet containing mainly keratinous material and other debris 
was discru·ded, and the cell-rich interphase layer containing keratino-
cytes, melanocytes and LC was collected, washed twice and resus-
pended in supplemented TC 199. These unfractionated epidermal cells 
were then mixed with an equiva lent volume of EA-IgG, pelleted by a 
5 min cent rifugation at 300 Xg and then incubated on ice for 3 h1·. 
Under these condit ions the Fc-lgG receptor-beru·ing LC form rosettes 
with EA-IgG [8]. After the incubation the cells were gently resuspended 
and rosetted LC-e.nriched epidermal cells ·were sepru·ated from nonro-
setted LC-depleted epidermal cells on Ficoll-Hypaque gradients. To 
determine the percentage of LC within each population, small aliquots 
ofLC-enriched and LC-depleted epidermal cells were tested for ATPase 
reactivity according to an enzym e-histochemical technique by Wach-
stein and Meisel [16] as adapted by Wolff and Winkelmann [1 7). 
A ssays ofT Cell Proliferation. 
a. Soluble protein antigens: Guinea pigs were immunized with 100 
1-Lg ovalbumin (OVA, 5 X crystallized, Pentex Biochemicals, Kankakee, 
Ill .) in 0.4 ml complete Freund's adjuvant containing 0.4 mg/ ml Myco-
bacterium tuberculosis H3;RA (Difco Labs., Detroit, Mich .). Antigen-
primed T cells from these animals were incubated with either nonstim-
ulated or antigen (PPD, OV A) -pulsed stimulator cells (macrophages, 
LC-enriched and LC-depleted epidermal cells) and ant igen-specific T 
cell proliferation was assessed by an increase in DNA-synthesis as 
determined by "H-thymidine incorporat ion. The deta ils of this method 
were published elsewhere [3]. 
b. Trinitrophenyl (TNP)-modified cells as antigen: Column-passed 
lymph node cells were primed in vitro with trinit robenzene sulfonate 
(TNBS)-treated syngeneic macrophages [19] as previously described 
(20]. After a 1-week culture, the antigen-primed T cells were restimu-
lated in a second culture with either untreated or TNBS-treated [1 9] 
macrophages, LC-enriched or LC-depleted epidermal cells and the T 
cell proliferative response was determined as previously described 
[20]. 
c. Mixed leu.hocyte reaction. (MLR): Column-purified lym ph node T 
cells were primed by culture with allogeneic Mitomycin C-treated 
macrophages for 1 week at 37°C in 5% C02 in air. Cells recovered from 
this fu·st culture were restimulated in a second culture with fresh 
Mitomycin-treated stimulator cells (macrophages, LC-enriched and 
LC-depleted epidermal cells) and T cell activation was determined as 
described elsewhere [20]. 
d. Treatment of stimulator cells with an.ti-Ia sera and complement 
(C): Untreated or antigen-pulsed macrophages, LC-enriched and LC-
depleted epidermal cells were treated with a 20% final concentrat ion of 
either ant i-Ia.2,4 serum, ant i-Ia .l,3,7 serum or normal guinea pig serum 
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(NGPS) and a 50% final concentration of guinea pig C (GIBCO) for 30 
min at 37°C. The cells were washed 3 times to remove the unbound 
antibody and C, and the cell density was adjusted to tota l viable cells 
before addition to the cultmes in antigen presentation and MLR assays. 
RESULTS 
Histochemical Characterization of LC-Enriched and LC-
Depleted Epidermal Cells 
In ord~r to assess LC function, it was of crucial importance 
to physically sepamte these cells from other epidermal cells. 
Since LC are the only epidermal cells which express Fc-IgG 
receptors, unfractionated epidermal cells were incubated with 
EA-IgG and rosetted epidermal cells were separated from non-
rosetted cells by density gradient centrifugation. 18-35% of the 
pelleted cells (containing the rosettes) displayed ATPase reac-
tivi ty (LC-enriched fraction), whereas only 0.1-0.5% of the 
nonrosetted cells at the interphase (LC-depleted fraction) pos-
sessed this histochemical LC-marker. 
LC-Enriched Epidermal Cells as Antigen-Presenting Cells 
In initial experiments, we found that both PPD-pulsed mac-
rophages and PPD-pulsed unfractionated epidermal cells in-
duced a proliferation of PPD-immune T cells. Moreover, effec-
tive macrophage-lymphocyte and epidermal cell-lymphocyte 
in teraction was seen only in synge neic combinations. Since 
antigen presentation by macrophages toT lymphocytes is reg-
ulated via the I-region of the MHC [21], we asked whether the 
antigen-presenting capacity of epidermal cells is present in all 
epidermal cells or only in the Ia-bearing epidermal subpopula-
tion, i.e., the LC [8]. For this pmpose, LC-enriched and LC-
depleted epidermal cell suspensions were pulse-exposed to OVA 
and PPD, then incubated with OVA- and PPD-immune T 
lymphocytes, respectively, and T cell proliferation was assessed. 
Table I shows the results of one representative experiment. 
Under syngeneic conditions, antigen-pulsed LC-enriched, but 
not LC-depleted epidermal cells, induce a considerable T cell 
proliferative response (compara ble to that seen with antigen-
pulsed macrophages). In allogeneic combinations, however, 
only minimal or no T cell activation was observed. 
Analogous results were obtained when we tested the capacity 
of epidermal cells to induce hapten-specific T cell responses. In 
particular , our results demonstrated that T lymphocytes primed 
in vitro to TNBS-treated syngeneic macrophages could be 
restimulated on ly witi1 TNBS-treated macrophage_s and LC-
TABLE I. Comparison of antigen-pulsed LC- enriched and LC-
depeleted epidermal cells as stimulators of a.ntigen-specific 
T cell proliferation 
Gu inea pig 
strain 
2 
13 
Stimulato r cells (0.5 x 10''/ Well ) 
Strain 2 Met> 
Stra in 13 M<t> 
S train 2 LC-enriched EC 
Strain 2 LC-depleted EC 
Strain 13 LC-enriched EC 
Strain 13 LC-depleted EC 
Strain 2 Met> 
Strain 13 Met> 
Strain 2 LC-enriched EC 
Strain 2 LC-depleted EC 
Strain 13 LC-enriched EC 
Strain 13 LC-depleted EC 
"H-TdR delta cpm" 
R epresent.at.ive 
experiment 
27,362 
4,781 
23,648 
6,130 
5,403 
3,220 
2,321 
19,487 
1,340 
620 
16,893 
2,683 
" Immune peritoneal exudate lymphocytes were stimulated in uitro 
with untreated or PPD-pulsed macrophages (M<J>), LC-enriched and 
LC-depleted epidermal cells (EC), and the extent of "H-TdR incorpo-
ration was determined a fter 3 days of culture. The results of t riplicate 
cultures are expressed as difference between antigen-stimulated and 
nonstimulated control cultures (delta cpm). 
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TABLE II. Comparison of TNP-modified L C-enriched and LC-
depleted epidermal cells as stimulators of TNP-sp ecific 
F iJ"st culture 
Strain 2 T lympho-
cytes primed to 
strain 2 TNP-modi-
fied Met> 
Strain 13 T lympho-
cytes primed to 
strain 13 TNP-
modified Me/> 
T cell proliferation 
Second culture 
"H-TdR delta 
cpm•• 
S timulator cells (0.5 X 10''/Well) ------
Strain 2 M<t> 
Strain 13 M<t> 
Strain 2 LC-enriched EC 
Strain 2 LC-depleted EC 
Strain 13 LC-enriched EC 
Strain 13 LC-depleted EC 
Strain 2 Mcf> 
Strain 13 Me/> 
Strain 2 LC-enriched EC 
Strain 2 LC-depleted EC 
Strain 13 LC-enriched EC 
Strain 13 LC-depleted EC 
Representative 
experiment 
11,316 
2,420 
17,811 
3,641 
2,162 
803 
1,416 
14,311 
1,763 
786 
9,733 
1,298 
" The cells recovered from the fu·st culture were stimulated in uitro 
with untreated or TNP-modified macrophages (Mcf>), LC-enriched or 
LC-depleted epidermal cells (EC) and the extent of "H-TdR incorpo-
ration was determined after 3 days of culture. The results of triplicate 
cultures are expressed as differences between antigen-stimu lated and 
nonstimulated control cultures (delta cpm). 
enriched epidermal cells, but not with TNBS-treated LC-de-
pleted epidermal cells. Again, effective T cell proliferation was 
only observed under syngeneic conditions (Table II). 
LC-Enriched Epidermal Cells Induce Activation of 
Allogeneic T Lymphocytes 
It is amply documented that gene products encoded for by 
the I region of the MHC play a critical role in the elicitation of 
the MLR. Macrophages, in particular, are potent stimulators of 
allogeneic T cell activation [22,23]. In the guinea pig, such 
macrophage-induced T cell proliferation can be inhibited by 
antisera directed against la determinants on the stimulatory 
macrophage, but not by la antisera directed against the re-
sponder T cell [24). We therefore asked the question whether 
!a-bearing LC do also possess the capacity to elicit allogeneic T 
cell activation. For this purpose, lymph node T cells were 
primed in vitro to allogeneic macrophages in a first culture and 
then re-exposed in a second culture to either syngeneic or 
allogeneic stimulator cells (macrophages, LC-enriched and LC-
depleted epidermal cells) . Again, LC-enriched epidermal cells 
induced an allogeneic T cell response which was comparable to 
that init iated by macrophages. LC-depleted epidermal cells, by 
contrast, caused only negligible allogeneic T cell proliferation 
(Table Ill). 
From these experiments, it seemed very likely that-among 
LC-enriched epidermal cells-the LC itself is the critical stim-
ulator cell of antigen-specific and allogeneic T cell activation. 
Since, however, the LC-enriched fraction contains epidermal 
cells other than LC, we could not formally exclude the possi-
bility that also non-LC might induce T cell proliferation. We 
had previously reported [8] that LC are the only Ia-bearing 
cells within the guinea pig epidermis and, therefore, epidermal 
cells can be freed from LC by pretreatment with anti-Ia sera 
and complement. We therefore exposed the stimulator cells 
(macrophages, LC-enriched and LC-depleted epidermal cells) 
to specific anti-Ia sera and complement before using them in 
antigen-presentation and MLE assays. As a control, the stim-
ulator cells were treated with NGPS and complement. In re-
peated experiments, we found that pretreatment with anti-Ia 
sera and complement virtually abolished both antigen-specific 
and allogeneic T cell activation which was seen with untreated 
or NGPS + complement-treated stimulator cells. These results 
indicated that the epidermal cell population capable of pre-
May 1980 
TABLE Ill. Comparison of LC-enriched and LC-depleted epidermal 
cells in the MLR 
First cu lture 
Strain 2 T lympho-
cytes primed to 
strain 13 Mcf> 
Strain 13 T lympho-
cytes primed to 
strain 2 Mcf> 
Second culture 
"H-TdR cpm" 
Stimulator cells (0.5 x 10''/Well) Representative 
experiment 
Strain 2 Mcf> 
Strain 13 Mcf> 
Strain 2 LC-enriched EC 
Strain 2 LC-depleted EC 
Strain 13 LC-enriched EC 
Strain 13 LC-depleted EC 
Strain 2M</> 
Strain 13M</> 
Strain 2 LC-enriched EC 
Strain 2 LC-depleted EC 
Strain 13 LC-enriched EC · 
Strain 13 LC-depleted EC 
1,316 
19,487 
190 
212 
21,432 
1,876 
162,486 
1,671 
104,837 
7,618 
482 
380 
"The cells recovered from the fu·st culture were stimulated in. vitro 
with macrophages (Mcf>), LC-enriched or LC:depleted epidermal cells 
(EC) , and the extent of aH-TdR incorporation was determined after 3 
days of culture. The results of triplicate cultures are expressed as total 
cpm. 
senting immunologically relevant T lymphocyte is the epider-
ma!LC. 
DISCUSSION 
After having been passed over as being "effete" melanocytes, 
part of the neural system, or even an artifact, interest in the 
epidermal LC has been rekindled by experimental data ob-
tained in the last few years. Among the more important findings 
are the following: LCs are morphologically indistinguishable 
from certain histiocytic cells in histiocytosis X (rev. in reference 
2); in 3 species so far investigated LCs are the only epidermal 
cells which bear Fc-IgG and C3 receptor sites and express Ia 
antigens [ 4-9]. These data indicate an obvious similarity be-
tween LCs and other cells of the monocyte-macrophage-histio-
cyte series. In this report, we have presented evidence that LC 
are also capable of mediating the functions of !a-bearing mac-
rophages, i.e., the presentation of immunologically relevant 
antigen to the immunocompetent T lymphocyte. These findings 
may have considerable impact for fwthering om understanding 
of the induction of cutaneous delayed-type hypersensitivity 
reactions and skin graft rejection. The epidermis as the outer-
most covering of the body is continuously exposed to a wide 
variety of antigens, some of them being potential contact sen-
sitizing agents. It seems conceivable that LCs due to then· 
suprabasal location within the epidermis take up antigenic 
material and present immunologically relevant determinants to 
the T lymphocyte. It has to be determined in further studies 
whether LC-lymphocyte interaction is dependent on physical 
cell-to-cell interaction (which may take place at both the epi-
dermal and the dermal level) or may also be mediated by 
soluble LC products. 
On the other hand, we have to consider the possibility that 
antigen-bearing LC serve as important recognition and target 
structmes in the effector limb of contact hypersensitivity reac-
tions. LC-induced, !a-mediated presentation of allergen to the 
T lymphocyte may trigger the formation of cytotoxic T cells 
which will subsequently react with any cell which expresses the 
syngeneic transplantation antigen together with the allergen 
[19]. Since in the epidermis LC preferentially bind potentially 
sensitizing substances [25], they are a good candidate for being 
the prime target cells. 
In the case of organ graft rejection, it is generally agreed [26] 
that 2 populations ofT lymphocytes are generated in response 
to an alloantigenic stimulus. In the mouse, one population 
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composed of proliferating T helper cells responds primarily to 
!-region differences, whereas the cytotoxic T cells are more 
strongly activated by H2-K or H2-D antigens. In the absence of 
!-region differences, however, the activation of cytotoxic T cells 
becomes much less efficient. Since, in the epidermis, LC are the 
only ones which express Ia antigens [8], it is conceivable that 
they provide a necessary stimulus to initiate skin graft rejection. 
Although this study has dealt exclusively with epidermal LC, it 
is conceivable that all nonlymphoid organs contain a small 
percentage of cells with similar immunological properties. It 
will be of uppermost importance to develop techniques by 
which to eliminate these particular cells before allotransplan-
tation. Long-term incubation of allogeneic donor tissue had 
bee~ a strategy to suc_cessfully induce prolongation of allograft 
survival (ovary, thyroid gland, pancreatic endocrine islets) [27-
29]. Reports _of_ success~ transplantation of skin allografts by 
the use o~ a srmilar_te~hmque [30,31] have not been consistently 
repro_duc1ble. Preh_mmary results from om laboratory (Sting! 
& Fntsch, unpubhshed observations) indicate that in organ 
cultures of human skin maintained at 37° the smvival rate of 
LC, as tested by ATPase and !a-reactivity, is considerably 
shorter than tha~ o~ keratinocytes. Another promising strategy 
to successfully elrmmate LC from the epidermis stems from our 
recent observation (Aberer, W. , Schuler, G., Stingl, G., Honigs-
mann, H., Wolff, K., in preparation) that UV-i.J.Tadiation of 
either human or mouse skin exerts a damaging effect on the 
epidermal LC population. Administration of a total dose of 100 
J / cm2 unfiltered UV-A (as emitted by PUVA fluorescence 
bulbs (Sylvania FR 90 T 12 PUVA/ HO)) results in a dramatic 
reduction of the ATPase- and !a-reactive cell population of the 
human epidermis. The effect of various wavelength bands of 
the UV spectrum on LC was tested in the mouse system. UV-B 
doses (as e~itted by Sylvania F20T 12) in a range from· 40 to 
60 mJ/cm 2 produced a virtually complete elimination of 
ATPase positive cells, whereas 270-300 J / cm2 of glass filtered 
UV-A (Sylvania F8T5) were needed to deplete the murine 
epidermis from LC. This UV -induced reduction of LC was also 
confixmed at the ultrastructmal level. Residual LC frequently 
exhibited signs of considerable structural damage such as loss 
of dendrites, condensation and homogenisation of the cyto-
plasm. The characteristic granules, however, were preserved 
even in those cells. By contrast, keratinocytes when exposed to 
40 mJ/cm2 UV-B or 300 J /cm2 UV-A appeared virtually unal-
tered. When tested .for trypan blue exclusion, single mmine 
epidermal cells obtained by trypsinization of UV-i.J.Tadiated 
proved to be as viable as were epidermal cells from nonirra-
diated co~trol a~imals. Obviously, the biological significance of 
~hese fit;dmgs with regard to transplantation has to be probed 
m genetically well defined animal strains. 
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DISCUSSION 
STREILEIN: H ave you examined the possibility that either the LC-
enriched or LC-depleted epidermal cell prepar ation contain lympho-
cytes? 
STINGL: We have not. According to Breathnech, there is always a 
very small number of lymphocytes in the epidermis. In our ini tial 
studies we did not find lymphocytes in our rosetted epidermal cell 
population by electron microscopy. 
BERGSTRESSER: Do you have any data concerning the rate of return 
of Langer hans cells after ultraviolet light exposm e? 
STIN GL: No I do not. 
SoTER: Have you performed studies either in humans or experimen-
tal animals after UV A irradiation to determine if there are alterations 
in contact sensit ivity? 
STINGL: No. 
T uRK: Can PUV A (psoralen plus UV A) deplete Langerhans cells 
and will this accoun t for reports of decreased contact sensit ization in 
PUV A treated guinea pig? 
ST! NGL: We have not looked at PUVA- what we have done is we 
have administered "P UV A" light which means it is largely UV A emit-
ted by "PUV A" fluorescence bulbs which still contains a sligh t a mount 
ofU VB. 
BAER: Are other mononuclear phagocytes a lso suscept ible to da mage 
from UV A and UVB or is such suscept ibility another characteristic 
that sets Langerhans cells apart from other mononuclear phagocytes? 
STINGL: I think it's no t specific for the LC. It has been repor ted 
previously that you can elim inate mixed leukocyte reactions with UV 
so I would not think this is unique of LCs. 
